Abstract. Energy is a catalyst for national development; most of the countries depend on hydrocarbon fuels for power generation. The traditional sources of energy are exorbitant and finite. In addition, they emit excessive carbon dioxide and other gases into the lower layer of the atmosphere, which influence the increase occurrence of global warming in the world. Recently, renewable energy's are gaining more attraction and attention in many parts of the globe, due to nonpolluting characteristics. Among the renewable, wind power has emerged as safest and cleanest resource that will satisfy the need of energy in a cost effective way. Wind energy system can suit the energy need for grid and stand-alone mode. This paper investigates the potential of wind energy in Kuching for small-scale power application. The study employed three years wind speed data spanning from 2010-2012 observed at the Kuching meteorological station. Details of the analysis carried out and potential of using wind energy systems are presented. Additionally, the output performances of two wind turbines are examined based on the computed Weibull distribution.
Introduction
Wind is a reliable, clean source of energy and the main opponent of fossil fuels because of the emission-free characteristics. In recent times, considerable attention has been devoted to utilizing the abundant resources. The merits of using this type of zero-emission energy when compared to other renewable energies, wind power can operate during the day and night time, and does not require numerous accessories, unlike solar power. Rapid development, urbanization, and population growth make renewable energy grew to be well known and recognized in the entire world. The substantial utilization of hydrocarbon energy sources has enhanced the generation of greenhouse gasses and other polluting materials; moreover, the resources are finite since they reduce after some spans [1] [2] [3] .
Wind can produce clean resources of electric power in the environment: residential and industrial areas. In addition, wind is a guaranteeing useful resource that can serve zero-emission energy to non-urban and remote residents in non-grid mode conveniently. Though, vertical axis wind turbines (VAWT) have been demonstrated to perform excellently in the quiet windy areas [3] [4] [5] [6] . However, horizontal-axis wind turbines (HAWT) are frequent and widespread installed wind turbines. Nowadays, HAWT aerodynamics is also admired for low wind speed areas. One study [5] verified the feasibility of installing two small wind speed driving generators, for the lagoon of Venice in Italy, using 2-years anemometry measurement performed within study area.
Wind flow is site specific and deviates with time and locations. To take advantage of the energy content in the wind by means of small wind drive systems successfully, the average annual wind speed and Weibull distribution are precondition requirements that are essential to the setting up region. The on-site measurement campaign needs to be considered spanning a specified period or by making use of available established wind station located in the area [2] [3] .
Many published research works are already been performed for examining the prospects of wind energy around the world. Nevertheless, most of these studies ultimately focused on the urban areas in which the primary attention of renewable energy is minimal. Currently, wind power is given proper consideration in Malaysia, because of launching Small Renewable Energy Program (SREP), which planned and targeted 5% of the total national electricity mix from sustainable resources. Among the research studies conducted in Malaysia. Anwari et al. [8] reported a survey carried out by a team of expert at Universiti Sains Malaysia (USM). The hourly-analyzed results showed a wind speed in the scale of 1.7-6.7 m/s.
Weibull, Gamma and Lognormal distribution functions have been employed to analyze a twoyear (2005) (2006) wind speed data in the east coast of Malaysia. The research findings revealed that all the models are suitable and fitted the data [9] . Masseran et al. [10] examined the statistical distribution of wind speed and noted that out of the 60 areas selected for the research, 50 locations seem to satisfy the Gamma distribution function.
A regional comparative simulation of wind speed and solar radiations using a hybrid optimization modeling software (HOMER) proposed in [11] , the study demonstrates the possibility of using hybrid systems in Johor, Penang, Sarawak and Selangor. In relation to this, a preliminary research on wind and solar have also been conducted at Universiti Malaysia Pahang (UMP). The research work showed the likelihood to install the proposed system in Pekan, Pahan [12] . Moreover, Darus et al. [13] described the potential of wind energy for the sustainable production in Pulau Perhentian (Perhentian Island).
Siti et al. [10] statistically examined the wind speed data at five locations in Malaysia Peninsular using the Weibull model, and shown that the maximum wind power density at Mersing was close to 62 W/m 2 during the peak period of northeast monsoon. Even though, other regions are experiencing power density lower than 10 W/m 2 . Daut el al. [3] confirmed the possibility of using VAWTs, Darrieus and Savonius wind turbines in Perlis. Experimental measurements were carried out on site using DavisPRO station apparatus. The daily and maximum average wind speed recorded is 2.6 m/s and 1.3 m/s respectively at 21.7 m height. The researchers also noted that the most effective seasons to harness the energy content in the wind occurred during the northeast monsoon seasons.
Islam et al. [4] evaluated the potential of wind energy at Kudat and Labuan based on three years (2006-2008) data obtained from two monitoring operation stations under Malaysia Meteorological Department (MMD). The analysis was carried out using two-parameter Weibull function in order to determine the most appropriate region for the development of clean energy. Additionally, the authors in [4] confirmed the prospects of developing wind farm in the northern part of Kudat. Researchers [13, 14] evaluated the wind energy potential by adopting Geostatistical interpolation and presented a wind mapping of Malaysia. While, Sapuan et al. [15] conducted a comprehensive wind speed forecast and mapped out the wind energy potential in some locations of the West Malaysia.
Kuching is the administrative capital of Sarawak. The metropolis has the largest population in the state that stand about 681,901 people, with density, concentration of 22 people/ km 2 . It is the capital and starting point of Sarawak and has a land area of about 4560 km 2 .Within the subdivisions there are many rural areas situated in proximity to the state capital, delivering electrical power by means of the stand-alone wind energy system can produce electrical power conveniently. The present study analyzed three years anemometry measurements measured at the MMD station located in Kuching. The areas were experiencing wind speed of an average of 2.12 m/s. All the same, the potential is investigated at the higher elevations exactly where the wind turbine is expected to work for small-scale applications. However, the aerodynamics of the small wind energy system performances has been evaluated based on the observed data, for the purpose to find out the excellent alternative for the electric power production.
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Wind Speed Distribution
The study area is situated between latitudes 01 0 33'N of the equator and longitudes of Greenwich Meridian 110 0 25'E at the altitude of 27 m, and that of the wind station is situated at an elevation of 23 m above the mean sea level (msl) as shown in Figure 1 .
Wind speed data for a period of three years starting from January 2010 to December 2012 was employed. A 10 m length mast, built of metal in solid tubular type was applied to mount the anemometer and wind vane for the chosen station. Device utilized for measuring the surface wind speed is revolving cup type anemometer (A WS-3000) which the cups are attached symmetrically in a right angle to a vertical shaft as shown in Figure 2 . The temperature and the relative moisture content had been also measured making use of a thermometer and a hygrometer accordingly. The main purpose for doing this, is in line with the climatological and practical reasons, it has been agreed that this must be the standard meteorological reference point, so as to obtain representative recording of the wind potential of the area [4, [17] [18] [19] [20] [21] . Additionally, the wind speed at higher heights could possibly be computed using the power law. Wind speed was obtained every 10 s, averaged around 5 min, and saved in a data-acquisition system. The 5-min mean wind speed data were further averaged over an hour. By the end of each hour, the on an hourly basis mean wind speed was determined and saved sequentially in a long-lasting memory space for the accuracy purposes, all the equipments used by MMD for measuring weather parameters were calibrated on quarterly basis (every 3 months) as per manufacture specification [19] . Assessing the variation of wind speed with height is important at a particular place where the wind turbine is expected to operate. The study used the most widely adopted power law equation
where v 1 is the observed wind speed (m/s) at a height h 1 , and v 2 is the wind speed at the extrapolated height h 2 , and α is the friction factor which depends on the surface roughness and atmospheric conditions of the region, numerically ranges between 0.05-0.5 [20] . Table 1 shows the summary of the descriptive statistics for the station considered. A total number of 1096 samples are employed, the minimum and maximum wind speed at 10-20 m heights was 1.0-1.3 m/s and 3.5-4.7 m/s respectively Shape measures are normally carried out using skewness and kurtosis. Skewness and kurtosis indicates the symmetric and shape of the distribution. According to the table, both the skewness and kurtosis of the wind speed distributions are symmetric and peak toward positive, which indicates the quality of the data, used in the analysis. Furthermore, considering the absolute values of skewness and kurtosis's are more than twice of the standard error, which indicates that the data sets were not normally distributed Wind differs tremendously with time and space; various mathematical models are employed for modeling wind speed. Weibull probability density functions continue to be essentially the most and recurrently been used in the literature, and the wind energy books; the model present an incredibly useful type to assess the potential of wind power. Frequently, there are two statistical analysis options to evaluate the wind speed data which are Weibull distribution and Rayleigh distribution. Weibull distribution is the traditional method that was employed in applying the statistical analysis [21] . The Weibull distribution seemed to characterize the actual data better than other distributions [9] . Various reported studies [21] [22] showed the superiority of Weibull model over other distribution models.
Weibull shape has been adopted in the present work to describe the wind speed distribution within the study area for the considered three year measurement period. Figure 3 shows the average annual wind speed decomposed in the form of bins of 0.5-4 m/s, using self-developed application in Microsoft Excel 2010 application packages. The frequencies of occurrences are higher from 1.5-2.0 m/s. Furthermore, the average daily, hourly wind speed variation at 10 m and 20 m are shown in Figure 4 . It is can be seen that, wind speed distribution may as well differ based on time and space. In addition, the wind speed at 20 m height exhibits much more convincing structure for providing electrical power.
Directional data plays a significant role in the micro-sitting decision. Wind directions were obtained at 10 m height In the course of the assessment of prospective sites, the visibility of the locations to every wind directions needs to be noted. Sites which are protected by other attributes, trees, and shrubs must be shunned. Figure 5 shows the long-term wind direction rose plot for Kuching using 3-year (2010-2012) observation. It can be noticed that the prominent measurement directions are 250 0 and 270 0 , southwest wind is efficient in the region. The smallest wind influence is measured at 180 0 , even though other directions seem to provide some periodic variations. 
Low Wind Speed Turbine Selection and Annual Energy Output
As noted in many reported studies, it is more fitting to express wind power in terms of average wind speed and swept area. Hence, the wind energy depends on the cubic values of wind speed for the wind energy conversion system (WECS). The kinetic power available in a driving air stream is given by:
where P is the power in the wind, (Watts), = 1.225 Kg/m 3 is the air density at standard temperature (15 0 C) and atmospheric pressure of 1.0132 bar. A is the cross sectional flow rate and V is the wind speed in (m/s). Figures 6 and 7 illustrate the two wind turbines and their power curves, whereas technical specifications are summarized in Table 2 . Siemens SWT-2.3-113 wind turbine is the decisive option for low to moderate wind conditions. The revolutionary direct drive generator and the new optimized quantum blade are paired to extract as much energy as possible from the wind. With a low 105 dB noise level, the turbine is one of the quietest wind turbines on the market.
Suzlon S-111 is a new technological innovation acceptable for low wind speed regions. The turbine has up to 29% increased output. In addition, the S111 blade profile has an optimum pressure coefficient distribution ideal for low wind sites in a variety of climates, including those at higher altitudes. That can help in populated areas; the blade geometry delivers low sound levels across all tones with an estimated 105 dB at wind speeds of 10 m/s.
It can be clearly observed, Siemens turbine is characterized by a rated power a little bit higher than Suzlon, which provides a lesser cut-in wind speed of 1.5 m/s. To ascertain the actual annual energy production in terms of wind speed, equations 3-4 are utilized. At normal condition, best wind turbines acquire about 50 percent of the theoretical optimum power of 30% within the air stream that moves through the rotor [24] , thus:
where Pa is the average wind power output (kW), and Va is the average wind speed (m/s). The energy is the function of power (P) in watts and time (t) in hours, thus.
So, the annual energy production of wind turbine can be computed from: Table 3 shows the AEO of the wind speed as the function of time for the two determined wind turbines. As expected, the Suzlon S-112 turbine is capable of producing a better quantity of electrical power for very low windy areas, and in addition it provides a higher global production with respect to Siemens SWT-2.3-113, the larger the energy performance of Suzlon is as a result of the improved ratio involving the rated wind power and swept area of the rotor as shown in Equation 6 . This clearly demonstrates that micro siting of wind turbine is not merely based on wind speed, but additionally be dependent on the proportion between the swept area and rated power. energy available in wind h 1 [m] reference height at wind speed v 1 h 2 [m] extrapolated height at wind speed v 2 k [-] swept area of the rotor against rated voltage P (W) extractable wind turbine power Pa [W] average wind turbine power 
